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Description 

BACKGROUND OF THE iNVEIMTtON 

5 FIELD OF THE INVENTION 

This invention relates to th provision of improved apparatus for and a method of measuring the viscosity of fluids 
flowing through a flow tube. The invention further rentes to the provision of a Coriolls effect viscometer. The invention 
still further relates to the provision of a viscometer whose internal channels can easily be cleaned so as to make it 
10 suitable for applications having stringent sanitary requirements. 

STATEMENT OF THE PROBLEM 

Viscometers are presently used for measuring the viscosity of various types of fluids, e.g. gels, lubricating oils, 

IS and other materials that can flow through a tube or conduit A number of existing methods are employed by these 
devices for measuring fluid viscosity. One such method is based upon Stoke*s Law whereby the rate of movement of 
a rigid sphere through a fluid is proportional to the viscosity of the fluki. This method involves the travel of a dropped 
or rolling ball through the fluid. 

Another method involves the use of Hagen-Poiseuille's Equation for laminar fluids, i.e. fluids at low Reynolds 

20 numbers (less than 2000), and fluids with Newtonian characteristics. The viscosity of the flowing fluid, as determined 
by Hagen-Poiseuille's Equation, is proportbnal to the pressure change of the fluid as it flows through a tube as well 
as to the volumetric flow rate of the fluid. Prior art viscosity measurement devices utilizing Hagen-Potseuiile's Equation 
typically measure the pressure differential caused by the fluid flow at two distinct locations of the tube through which 
the fluid flows. The volumetric flow rate of the fluid is either already known or is measured by a flow meter. The viscosity 

25 is then determined from the measured differential pressure and the volumetric flow rate whbh is computed from the 
mass flow rate and measured density. 

These prior art viscometers measure the material viscosity on-line and typically require either flow diversion to a 
pressure transducer, or the protrusion of a pressure sensor into the flow of the fluid. This can cause various prdblems 
Including problems with sanitary measurements of the fluid, problems with flow disturbances whk;h can be critk:al when 

30 attempting to measure relatively low pressure drops with high accuracy, problems with the plugging of the diversion 
tubes which leads to uncontrollable offsets, and problems with the expense and complexity of the instrumentation 
required for these viscometers. 

Many viscometers applications require stringent sanitary conditbns of the apparatus passages through which the 
fluid flows. These sanitary requirements are often difficult to satisfy and are directed towards the finish of the inner 

35 surfaces of the viscometers, the interior surface quality, the types of connections used and the ability to clean the 
viscometer apparatus. It is often an added requirement that the flow tubes of the viscometers must be able to be 
cleaned in place and without disassembly. As the fluid composition is changed from one material to another, the fk)W 
tubes structure must be cleaned to remove the prior material by flushing with steam, solvents, or process fluids. In the 
prior art viscometers, this often required that the viscometer apparatus be drained and flushed under pressure. Even 

40 so, the viscometers may still not meet the most stringent sanitary requirements. Failure to satisfactorily clean the 
viscometer apparatus may cause health hazards and can contaminate entire batches of materials at great expense to 
the process operator. 

U.S. Patent 3,465,573 discloses in schematk^ fonm the apparatus for the continuous measurement of the consist- 
ency of a liquid product. The apparatus comprises a pair of parallel tube systems a portion of whbh extends through 

45 a schematically illustrated rectangular like structure (24) whk:h includes a differential pressure measuring device em- 
pbying a diaphragm element Reference is also made to an article entitled 'Advances in Instrumentation,* Vol. 46, No. 
2, 31 October, 1991, Research Triangle Park, U.S., pages 1029-1039. Kalotay, et al., "On-line h/Ieasurement With 
Coriolis Flow Mass Flow Meters." This article in Fig. 3 discloses a differential pressure transducer connected between 
separate sections of a conduit interconnected by a mass flow meter. The differential pressure measurement is used 

so with mass flow measurement to detennine the viscosity of materials flowing through the conduit. DE-A-2622375 shows 
in Fig. 2 a viscosity meter with a differential pressure measurement device that is connected to two spaced apart 
portions of a straight tube having material flowing therethrough. Fig. 10 of this document shows a differential pressure 
measurement device connected between separate legs of a U-shaped flow tube. The representation of both Figs. 1 
and 10 is entirely schematic, rather than stmcturat. FR-A-2559907 discloses in schematic form a rectangular element 

ss including a pair of pressure sensing devices between separate sectbns of a conduit for the purpose of measuring the 
viscosity of the material flowing through the conduit and the rectangular-like structure. WO-91/14167 discloses, in 
schematic form, structure for measuring viscosity using the differential pressure across a U-tube (3) by means of a 
transducer (4) for a measurement of the material flowing through the flow tube (3). 
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Prior attempts to provide sanitary viscometers that meet these exacting sanitary requirements often used a pres- 
sure transducer having a diaphragm that contacted the flowing material by extending beyond the inner surface of the 
flow tube surface containing the flowing material. These diaphragms are generally in tfective unless they are substan- 
tially flat Due to the circular cross-section of th flow tubes, th use of flat diaphragms protruding beyond the inner 
surface of the flow tubes, changes the effective shape of the inner cross-section area of the flow tubes. This makes 
the apparatus difficult to clean without disassembly and creates contamination on the downstream side of th dia- 
phragm. It also alters the velocity profil of the flowing material. This affects the pressure of the fluid and the accuracy 
of the viscosity measurement. 

In summary, the prior art viscosity measurement devices are relatively complex and often require additional piping 
and sensors. A problern al^ exists In that many of these devices are unsanitary and cannot be easily cleaned. They 
also use sensors that protrude Into the inner chambers containing the flowing material and thus are not capable of on- 
line measurements without disturbing the flow of fluids through a flow tube. 

SOLUTiON TO THE PROBLEM 

These and other problems are solved by the present inventbn which provides an Improved viscometer for the on- 
line viscosity measurement of a fluid flowing through a tube or conduit. 

The present invention provides a viscometer that does not disturb the fluid flow in the flow tube even at relatively 
low pressure. The present Invention also does not require a diversion of the flow of the measured fluid. 

The present Invention provides improved sanitary conditions of the measured fluid since the apparatus embodying 
the inventbn can easily be cleaned. This is accomplished by the provision of a pressure sensor that does not protrude 
into the Inner chambers containing the flowing fluid. This reduces turbulence and increases the accuracy of the viscosity 
measurements. 

The present Invention provides a relatively simple'device not requiring complicated apparatus or piping of the 
measured fluid. 

The present invention is useable as an add-on device or can be made integral with installed flow meters. 
More particularly, according to the invention there is provided apparatus for determining the viscosity of a flowing 
material, said apparatus comprising: ' . • 

flow tube means comprising a first flow channel for transporting material received from a first section of a conduit; 
said flow tube means further comprising a second flow channel serially connected to said first flow channel for 
transporting said material from said flow tube means to a second seclbn of a conduit; * 
a wall means separating said first and second flow channels from one another; 

each of said flow channels having, over a particular axial length thereof, a substantially flat inner surface; * ' ■ 
apertures in said separating wall means or in other walls of said flow tube means, said apertures being located in 
said substantially fl^t Inner surfaces of said flow channels ; 

differential pressure sensing means at least partially accommodated within said apertures for measuring the dif- 
ferential pressure generated by material flow between said first flow channel and said second flow channel; 
said differential pressure sensing means having a pair of pressure sensing diaphragnrw; each of whbh is mounted, 
in a said aperture, in a respective one of said first and second flow channels with its surface substantially flush 
with said substantially flat Inner surface of the flow channel so as to provide a smooth surface for material flow in 
said flow channel; and 

means responsive to said measurement of said differential pressure for determining the viscosity of said material. 

The Invention also provides a method of determining the viscosity of a flowing material using the apparatus of the 
Invention. 

In one possible preferred exemplary embodiment, the viscometer is integral with a Coriolis effect mass flow meter 
The flow meter includes a manifold having two separable castings each having a flow channel formed therein. An inlet 
flow channel in one casting assumes a substantially flattened rectangular shape as the flow channel curves through 
the casting. This provides a (relatively) flat inner surface of sufficient dimensfons to accommodate a AP sensor at a 
mid point region of the casting. The second casting has an exit flow channel similar to the Inlet flow channel and having 
a similar flat inner surface. Two parallel flow tubes are mounted onto the manifold and connected to the flow channels 
of the castings. A driving coil is mounted on the flow tubes to oscillate the flow tubes. Sensing colls ar positioned 
relative to the flow tubes to respond to their movement caused by the combination o1 the vibratory excitation of the 
flow tubes and the fluid flowing through the flow tubes. Output signals of the sensors are processed to determine the 
mass flow rate of the fluid passing through thex>scillating flow lubes. The difference in time (At) between one sensing 
coil crossing a pre-defined plane and another sensing coil crossing the same pre-defined plane is related to the fluid 
mass flow rate. A temperature sensor Is also mounted on the flow tubes to measure the temperature of the flow tubes. 
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A differential pressure transducer is positioned between the two castings with diaphragms of the differential pres- 
sure transducer being positioned substantially flush with the flat inner surfaces of the flow channels of each casting. 
The transducer diaphragms sense the differential pressure of the fluid created as it flows from the inlet channel of one 
casting, through the two flow tubes, to the exit channel of the second casting. 

5 A signal corresponding to this sensed differential pressure Is transmitted to a process controller along with signals 

representing the mass flow rate and temperatur of the measured material. The pressure transducer output signals 
are transmitted, in one preferred embodiment, by a multi-drop communication network that allows bi-directional com- 
munication between the transducers and the process controller. The density of the fluid is determined from information 
generated by the mass flow meter. The mass flow rate, density and differential pressure information are then used to 

JO determine the viscosity of the fluid according to an equation based on the Hagen-Poiseuiile's Equation. 

In another possible exemplary embodiment, an adaptor viscometer structure is provided which can be connected 
to existing flow meters or other flow devices. The body of the adaptor viscometer stmcture has two parallel adjacent 
flow channels. The flow channels are constructed so they have a round cross-sectional area at each end of the adapter 
structure and a rectangular cross-sectional area at the midpoint of the adapter structure. This rectangular portion of 

15 each channel has a flat interior surface in which is formed a hole that extends to the flat interior surface of the other 
channel. A differential pressure transducer is mounted In the hole area between the flow channels so that the dia- 
phragms of the element are substantially flush with the flat Inner surface of each flow channel. The diaphragms transfer 
the pressure of the fluid flowing through each channel to the differential pressure element A signal representing the 
detected differential pressure is transmitted to process control apparatus which also receives the mass flow rate and 

20 density of the fluid from the flow meter apparatus to which it is connected. The viscosity of the flowing material is then 
calculated using these variables. 

In another possible exemplary embodiment of the invention, a viscometer structure is provided that is somewhat 
similar to that of the first embodiment except that the differential transducer Is externally mounted to a flat surface on 
the flow meter casting. A first hole is formed in a flat portion of the casting containing the inlet channel and a second 

2S hole is formed in the portion of the casting containing the outlet channel. Each hole extends from the flat surface to an 
inner flat surface of the two channels. The channels have a flat interior surface near the vicinity of the holes. The holes 
comprise an opening in the casting and represent an inner surface of each flow channel. The two diaphragms of the 
external pressure transducer are positioned at a spaced-apart distance from each other so as to match the distance 
of the holes on the exterior flat surface of the casting. The remainder of each channel may be essentially circular except 

30 for the portion of each channel to which is connected the vibrating flow tubes. 

The external pressure transducer and its diaphragms are mounted by any suitable means so that the diaphragms 
cover the holes and are flush with the inner surfaces of the two flow channels. This ensures that the diaphragms do 
not protrude beyond the flat inner surfaces of the flow channels. The diaphragms thereby present a continuous smooth 
surface to the flowing material. The transducer has output conductors which transmit a signal representing the differ- 

55 entlal pressure between the inlet channel and the outlet channel of the casting. This signal is transmitted to the sahne 
process control circuitry as previously described for the embodiment in which the pressure transducer is internal to the 
flow tube casting. 

The embodiment utilizing the externally mounted pressure transducer is advantageous in many installations over 
the first embodiment using an internally mounted transducer. The externally mounted transducer is preferable since 

40 the transducer can be easily repaired or replaced in the event of a malfunction. This avoids the need of a complete 
disassembly of the flow tube casting as is the case for the embodiment in which the differential pressure transducer 
is internal to the flow tube castings. 

In still another possible exemplary embodiment, an adapter viscometer structure is provided which can be con- 
nected to existing flow meters or other flow devices. The body of the adapter visconneter structure has two internal 

4S parallel flow channels having circular cross-sectional areas at their ends and a rectar>gular cross-sectional area at their 
middle portion. This middle portion of each channel has a hole formed in the body The hole comprises the interior 
surface of each flow channel. A differental pressure transducer is mounted over the two holes with the transducer 
having two diaphragms spaced apart by a distance corresponding to the distance between the two holes. The pressure 
sensing diaphragms of the mounted transducer cover the holes and they are flush with the flat inner surface of each 

so flow channel. The diaphragms do not protrude beyond the flat inner surface and therefore do not interfere with the flow 
of the measured fluid. The diaphragms transfer the pressure of the fluid flowing through each channel to the differential 
pressure element. A signal representing this detected differentia! pressure is transmitted to the previously described 
process control apparatus which also receives nnass flow rate, density, and other information required so that the 
viscosity of the flowing material may be calculated using these variables. 

ss These and other featur s of the present invention will be evident from a reading of the detailed description of a 
preferred embodiment taken in conjunctions with the drawings. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a perspective view of one possible pr ferred exemplary embodiment of the invention htegrally combined 
with a mass flow meter, 
5 Figure 2 is a vertical cross-sectional view of the flow meter of Figure 1 ; 

Figure 3 is a perspective view of a portion of the casting of the present invention; 

Figure 4 is a detailed view of the Internal mounting of the differential pressure element of the embodiment of Figure 

.1; 

Figure 5 is a detailed view of the substrate of the differential pressure element 70 of Figure 4; 
10 Figure 6 is a scheimatic of the circuitry of the differential pressure element of Figure 4; 

Figure 7 Is a schematic of one possible preferred exemplary embodiment of the invention; 

Figure 8 is a schematic of an alternative embodiment of the present invention; 

Figure 9 is a schematic of another aftemative eml^odiment of the present invention; 

Figure 10 is a perspective view of an altemative embodiment of the invention; 
IS ^ Figure 1 1 is a top view of the element of Figure 10; 

Figure 12 is a cross-sectional view of the altemative embodiment taken along line 12-12 of Figure 10; 

Figure 13 is a cross-sectional view taken along line 13-13 of Figure 11 ; 

Figure 14 is a cross-sectional view taken aloig line 14-14 of Figure 11; 

Figure 15 is a perspective view of another altemative structural embodiment of the invention; 
20 Figure 16 is a view of the embodiment of Figure 15 with the differential pressure transducer renfK>ved; 

Figure 17 Is a bottom view of the differential pressure transducer of Figure 15; 

Figure 1 8 is a view of another possible embodiment of the invention; 

Figure 1 9 is a cross-section view taken along line 1 9-1 9 of Figure 1 8; 

Figure 20 is a vertical cross-section view of a portion of the flow channels 40 and 50 of casting 1530 of Figure 16; 
25 Figure 21 is a top view of block 1801 of Figure 18 with differential pressure transducer 1504 removed; and 

Figure 22 is a cross-section view taken glong line 22-22 of Figure 21 . 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT . t/ 

30 The viscometer of the present invention provides a viscosity measurement without disturbing the flow profile of 
the flowing material. This is Important, not only because maintaining the integrity of the flowing material is often vital, 
but also because disturbances in tha flow can alter other rneasurements in the flow tube and cause cavitation and 
' other undesirable flow characteristics! . . . • . . 

The flowing material is referenced herein as a fluid, but it is to be understood that the present invention may have 

35 application with other materials, including gases, slurries and the like. 

One preferred embodiment of the present Invention is a viscometer mounted intemal to a Coiiolis effect mass flow 
meter Coriolis effect flow meters and their operation, are well known, and are disclosed in U.S. Patents 4,187,721; 
4,491,025; and 4,843,890; all assigned to the assignee of the present invention. Generally. Coriolis effect mass flow 
meters have one or two parallel flow conduits connected to a manifold body. Both flow conduits are oscillated by a 

40 driver to create a rotational frame of refererrce. As fluid flows through the oscillating conduits, the resulting Coriolis 
forces cause differences between the vibratory motion of the two flow tubes. One way to measure these differences 
is to measure the At between one point on a flow tube crossing a predetermined plane and another point on the tube 
crossing the same plane. This At is proportional to the mass of the fluid flowing through the conduits. 

One such Coriolis effect mass flow meter 10 is illustrated in Figure 1 as having two cantilever mounted flow tubes 

4S 1 2,1 4 that are selected and mounted to a manifold body 30 so as to have substantially identical spring constants and 
moments of inertia about their respective bending axes W-W and W-W. A drive coil andmagnet 16 are mounted at 
amidpoint region between the top portion 130 and 130* of flow tubes 12,14 to oscillate flow tubes 12,14about axes 
W-W and W-W*. Left sensor 18 and right sensor 20 are rrounted near the respective ends of the top portion 130,130* 
of flow tubes 12,14 to sense the movement of flow tubes 12,14. This sensing may be done either by measuring the 

so movement of the ends 1 35, 1 36 of the flow tubes through their zero crossings or by measuring the velocity of movement 
of the flow tubes. Flow tubes 12 and 14 have left side legs 131 and 131' and right side legs 134 and 134'. The side 
legs converge toward each other at manifold elements 120 and 120*. Brace bars 140R and 140L sen/e to define the 
axes W and W about which each flow tube oscillates when driver 1 6 is energized over path 1 56. 

Temperature detector 22 is mounted on the side leg 1 31 of the flow tube 14 to measure the flow tub *s temperature 

55 and the approximate temperature of the flowing fluid. This temperature information is used to determine changes in 
the spring constant of the flow tubes. Drive coil 1 6, sensors 1 8,20 and temperature detector 22 are connected to rriass 
flow transmitter 24 by paths 156, 157 and 158. Massflowtransmitter 24may include a microprocessor which processes 
the signals received from sensors 1 8, 20 and 22 to determine the mass flow rate of the fluid flowing through flow meter 



EP 0 631 662 B1 



10 as well as other measurements, such as density and temperature. Mass flow transmitter 24 applies a drive signal 
over path 156 to drive coil 16 to oscillate tubes 12 and 14 at their natural frequency. 

Manifold body 30 is fomied of two separable castings 1 50. 1 50' as illustrated in Figures 2 and 3. Flow meter casting 
30 is attachabi to a supply conduit and exit conduit (not shown), by flanges 103,103*. Manifold body 30 diverts the 
material flow from the supply conduit into flow tubes 1 2, 1 4 and then back into the conduit 

When meter casting 30 having flanges 103 and 103' having holes 102 is connected via inlet end 104 and outlet 
end 1 04* to a conduit system (not shbwn), carrying the process nraterial being measured, the material enters the casting 
30 through an Inlet orifice 101 in flange 103 of inlet end 104 of manifold 30 and is connected by a channel 40 (Figure 
2) having a gradually changing cross-section in casting 150 to flow tubes 12,14. The material Is divided and routed by 
block 120 to the left legs 131 and 131* of flow tubes 14 and 12, respectively. The material then flows through tubes 
elements 130,130' and through the t\^\ side legs 134 and 134* and is recombined into a single stream within flow tube 
mounting bk)ck 1 20'. The fluid Is thereafter routed to a channel 50 In exit casting 1 50' and then to exit manifold element 
110'. Within the exit casting 1 50' the material flows through a channel 50 passageway having a similar gradually chang- 
ing cross-sectbn to channel 40 of Nilet casXmg 150. Exit end 104? Is connected by flange 103* having bolt holes 102' 
to the conduit system (not shown). 

Castings 1 50, 1 50' are substantially identical and are secured together to form the manifold body casting 30. Casting 
1 50, (Figure 2). includes an internal flow channel 40 having a substantelly circular cross^ectbn at inlet 42. The circular 
cross-sectional shape of flow channel 40 near its curved portion 44 begins to flatten until it Is substantially rectangular 
at its mid-portion region of wall 46. Flow channel 40 then splits at its portion 48 into two separate flow channels for 
connection with side legs 1 31 and 1 31 ' of flow tubes 1 2, 14. The flattening of the cross^ecttonal shape of flow channel 
40 at mid-portion 46 accomplishes two functions. First, the flowing fluid is substantially laminar at the separation of the 
flow channel into two paths. Second, the inner (right) side of mid-portion 46 is substantially flat 

Casting 150' is substantially identical to casting 150 so that side legs 134 and 134' of flow tubes 12,14 converge 
Into a single flow channel 50, which has a substantially rectangular cross-sectbnal shape at its mid-portion of wall 52. 
The shape of flow channel 50 begins to become circular at its cun^ed regbn 54 and assumes a circular cross-sectional 
shape at its outlet 56. 

Casting 150', as shown in Figure 3. includes cavity 60 formed adjacent its midix>rtion 52 and has a hole 62 ex- 
tending through to its mid-portion 52. Wire channel 64 extends from the upper portion of cavity 60 upward through to 
the upper portion of the exterior of casting 1 50* via element 1 20'. This channel 64 receives conductors .72 of differential 
pressure transducer 70 as subsequently described. 

Casting 150 (Figure 4) includes cavity 61 similar to cavity 60 of casting 1 50'. Hole 68 extends through casting 1 50 
in Its mid-point portion 46. Castings 1 50, 1 50' are assembled together and fastened by suitable means In a well-known 
fashion. 

As shown on Figures 2 and 4, differential pressure transducer 70 is positioned in holes 62,68 of cavities 60,61 of 
the assembled castings 150, 150'. Differential pressure element 70, discussed In greater detail below, includes a cable 
72 extending upward through wire channel 64 (Figures 2 and 3) and further extending to mass flow transmitter 24. 
Stainless steel diaphragms 80,82 of pressure element 70 are positioned in holes 62,68 (Figure 4) to be substantially 
flush with the flat surfaces 46,52 of flow channels 40.50 (Figure 2) of castings 150,150'. Molded seals 81.83 provide 
a tight fit between diaphragms 80.82 and castings 150,150' to ensure that there is no leakage of the material around 
the diaphragms 80,82 of differential pressure element 70 and the walls 46.52 of castings 150,150' and so that there 
are no traps or dead spaces to produce turbulence at this region. 

The differential pressure element 70 includes a space formed between each stainless steel diaphragm 80,82 and 
the active pressure portions 92 (Figure 5) of pressure element 70, These spaces are filled with silicon oil or other 
suitable liquid to transfer the pressure applied against stainless steel diaphragms 80,82 to element 92 of differential 
pressure element 70. This maintains the sensor In ctose proximity with tfie process fluid. Differential pressure element 
70, in the prefen^ed embodiment, is a semiconductor pressure sensor, such as MOTOROLA differential pressure ele- 
ment ZD MPX2200D M8822. As shown in Figure 5, differential pressure element 70 includes silicon substrate 90 having 
resistive deposits 92 fonrned thereon in a resistive pattern. Differentfel pressure is created between the fluid flowing 
through flow channel 40 of casting 150 and the fluid flowing through flow channel 50 of casting 150'. This differential 
pressure causes a distortion of substrate 90 to create a resistive change in differential pressure element 70. Distortions 
of the substrate 90 due to differential pressure change the resistances of the resistive patterns. 

The circuitry of differential pressure element 70 of Figure 5 is shown in Figure 6. This circuitry includes a resistor 
102 and a resistor 104. Resistor 102 is connected at its ends to conductors 72A and 72D which supply a source of 
energizing potential Vg and ground. Resistor 104 is connected at its ends to conductors 72B and 72C which extend 
to a pair of output terminals across which appears an output voltage V^p which represents the differential pressure 
across pressure element 70. Resistor 104 is positioned within the electric fleld generated by resistor 102 as it is ener- 
gized by potential Vg. The strength of the electrical field induced into resistor 104 varies in accordance with the differ- 
ential pressure exerted on the diaphragms on the two sides of element 70. In other words, resistor 104 applies an 
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output voltage to conductors 72b and 72c that is proportional to the differential pressure across the two sides of element 
70. This differential output voltage is indicative of the differential pressure seen by the two sides of pr ssure element 
70. In accordance with the present invention, this output voltage V^p can be used by associated circuit elements and 
apparatus to compute the viscosity of the material flowing through the two tubes with which differential pressure element 
70 cooperates. 

Viscometer 10 (Figure 1) is adapted to be installed in a supply conduit, such as an industrial pipeline. The fluid 
flow from the supply conduit (not shown) is conducted via inlet 42 (Figure 2) to input flow channel 40 within manifold 
casting 1 50. As the fluid flow nears mid-portion 46 of channel 40, flow channel 40 has a substantially rectangular cross- 
sectional shape. The flow at this region contacts diaphragm 80 which is substantially flush with the flat surface 46 of 
flow channel 40. This contact of the fluid against diaphragm 80 applies pressure against the left side of. differential 
pressure element 70. The material flow continues through casting 150 and element 120 as flow channel 40 diverges 
into flow tubes 12,14. , 

The return flow from tubes 1 2 and 1 4 enters element 1 20' of rnanifold casting 1 50'. Channel 50 receives this return 
flow. Channel 50 converges and has a substantially rectangular cross-sectional shape at its mid-point portion 52. The 
return fluid flow passes over diaphragm 82 which receives the return fluid pressure onto the right side of differential 
pressure element 70. The fluid fbw continues through return channel 50 which assumes a circular cross-sectional 
shape at its exit portion 54 and reenters the supply conduit at its outlet 56 (Figure 2). 

The mass flow rate of the fluid is determined by measuring the time delay between the flow tube movements 
relative to a pre-deflned plane as the flow tubes are oscillated by driving coil 1 6. This measurement is made by sensors 
18,20. 

Signals from temperature detector 22 and sensors 18,20 are transmitted to mass flow transmitter 24 (Figure 1) 
which processes the signals to determine the mass flow rate/ the density and the tube temperature. Signals from 
differential pressure element 70 are transmitted to processor over path 72. These signals are used by mass flow 
transmitter 24 along with the determined mass flow rate and density of the fluid to calculate the viscosity of the fluid. 

The following describe several embodiments by means of which the output voltage of differential pressure 
element 70 may be used to generate viscosity infonnation for the material flowing through the flow tube apparatus 
associated with the differential pressure detector 70. A flrst embodiment is shown in Figure 7 which comprises a mass 
flow meter 1 0. a differential pressure detector 70, .mass flow transmitter 24, a personal computer 703 and a digitizer 
704 together with conductors interconnecting these various elements. . . 

Mass flow transmitter 24 applies a drive signal 156 to mass flow meter 10. It also receives from mass flow meter 
1 0 the signal 1 57 from the left sensor 1 8, signal 1 58 from the right sensor 20 and signal 1 59 from temperature detector 
22. From these signals, mass flow transmitter 24 computes the mass flow rate, the density and other pertinent infor- 
mation pertaining to the material flowing through the tubes of mass flow meter 1 0. The details of mass flow transmitter 
24 are well-known in the art and may comprise any of a number of off-the-shelf products manufactured by Micro Motbn, 
Inc., of Boulder, Colorado. Such products have Micro Motion model numbers RFT 9712 and RFT 9739. 

The differential pressure signal V^p is generated by. element 70 and is applied over path 72 to digitizer 704 which 
digitizes the analog signal 72 and applies it out over path 71 2 to personal computer 703. The personal computer also 
receives the mass flow rate information from mass flow transmitter 24 over path 713 and the density infomlation over 
path 714. From this infonmalbn, the personal computer 703 performs the necessary computations to solve the foltowing 
equation to compute the viscosity of the material flowing within the flow tubes associated with differential pressure 
element 70. This equation is based on the Hagen-Poiseuille Equation: 

^ m 

Viscosity of the fluid 
K= A constant determined for the individual meter 
^P = Differential pressure 
.p= density of the fluid 
m = mass flow rate of the fluid 

This equation is solved when a user at the personal computer determines and enters the value for the element K in 
the above equation. 

Figure 8 shows a second possible alternative arrangement for computing viscosity infomnatbn. Figure 8 discloses 
a mass flow meter 10, shown on Figure 1, together with a differential pressure detecting transducer 70, a mass flow 
transmitter 24, a multiplexer 804, together with conductors interconnecting these various elements. Mass flow trans- 
mitter 24 applies a drive signal to path 1 56 and receives from mass flow meter 1 0 a left sensor signal 1 57 and a right 
sensor signal 158. A temperature signal is applied over path 159 to one set of inputs of multiplexer 804 while the AP 
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pressure differential signal 72 of element 70 is applied to the other input of multiplexer 804. The operable state of 
multiplexer 817 is controlled by the MPX controller 805 of mass flow transmitter 24 over path 817. The output of mul- 
tiplexer 804 IS applied over path 818 to mass flow transmitter 24. 

The operative position of multiplexer 804 is switched at a required rate by mass fbw transmitter 24 over path 817 
so that the output 818 of the multiplexer is alternatively connected to temperature signal 159 at one instant of time and, 
at other times, is connected to Ih differential pressure signal on path 72. With these two signals alternatrvely being 
supplied as inputs to the mass flow transmitter 24, path 81 8 at one time supplies temperature information to mass flow 
transmitter 24 and, at other times, supplies differential pressure information. Mass flow.transmitter 24 responds in the 
conventional well-known manner when the conductor pair 818 supplies temperature information to compute mass flow 
rate, density and other information pertaining to the flowing material within the mass flow meter 10. 

At other times, when mass flow transmitter 24 receives differential pressure information from path 818, it uses this 
information and the aforementioned equation to derive viscosity information for the material flowing within the tubes 
of mass flow meter 10. This viscosity, and other information if desired, is applied over path 819 to a suitable utilization 
noeans (not shown). For the embodiment of Figure 8, mass flow transmitter 24 is programmed to provide the required 
constant information representing the term K In the above-discussed equation. Mass flow transmitter may be a Micro 
Motion, Inc., nrKxiel 9739 device. 

An embodiment representing yet another possible embodiment is disclosed in Figure 9. This embodiment com- 
prises mass flow rate meter 10, differential pressure transducer 70, a mass flow rate transmitter 24, utilizatbn means 
903, differential pressure transmitter 904, power supply 918, and conductors interconnecting these various elements. 
This embodiment uses the well-known 4-20 mA (milliamp) analog signaling combined with frequency shift keying sig- 
naling (FSK) to transmit information between certain of these elements as subsequently described. This system uses 
what is known as HART® (highway addressable remote transmitter) signaling. 

Drive coil 16 receives a drive signal over path 156 from element 902. Signals from sensors 18 and 20 and tem- 
perature detector 22 are transmitted over paths 157, 158 and 159 to mass flow transmitter 24. Mass flow transmitter 
24, which may be a Micro Motion, Inc., model 9739 device, includes a microprocessor which receives these signals 
and generates mass flow rate Information and density Bifonmation pertaining to the material In the flow tubes. This 
infonnation Is applied over conductors 91 2 and 91 3 to utilization means 903 which may comprise a display unit or may 
comprise a process control system which uses the information generated by mass flow transmitter 24 to control an 
industrial process. These signals are trarismitted over an industry standard 4-20 mA type signaling system. 

The differential pressure transducer 70 generates a signal representing the differential pressure and applies It over 
path 72 to transmitter 904 which digitizes this information and applies a signal representing the measured differential 
pressure in FSK digital fomi over conductors 916 and 917. The AP transmitter 904 and mass flow transmitter 24 both 
use 4-20 mA analog signaling and frequency shift signaling to communicate with each other Specifically, AP transmitter 
904 transmits the digitized AP signal via FSK signaling over paths 916 and 917 to the mass flow transmitter 24. Mass 
flow transmitter 24 receives this AP Infonrotion and uses it in the formula 

\i - Viscx)sity of the fluid 
K=A constant detennined for the individuaf meter 
AP= Differential pressure 
p =der^ity of the fluid 
m = mass flow rate of the fluid (2) 

to compute the viscosity of the fluid flowing in the tubes 12 and 14. Having computed this information, mass flow 
transmitter 24 transmits the generated viscosity Information over paths 914 and 916 in the form of a 4-20 mA signal 
to the utilization means 903. 

The use of the 4-20 mA signaling together with the FSK signaling is done in accordance with the well-known multi- 
drop multiplex network technique using the highway addressable remote transducer (HAFTT protocol developed by 
Rosemount Incorporated and described in Rosemount Smart Family Product Data Sheet 2695 entitled The HART 
Smart Communication Protocol). This protocol allows the use of bi-directional digital communicatbn over the 4-20 mA 
process control signal loops without disrupting the process control signal. This is don by means of the well-known 
frequency shift keying technique based upon the Bell 202A communk:atk)ns standard. 
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The HART protocol is further described In a docum nt by Romilly Bowden dated January 1991 and copyrighted 
in 1991 by Rosemount AG. This document, which is herein incorporated by reference, describes in detail the details 
of a system mbodying the HART protocol. It is to be understood that the HART protocol, FSK signaling, as well as 
the 4-20 mA si^allng protocol ar all well-known In the art and do not comprise any portion of the pr sent invention 
and are therefore not described further herein. 

Regardless of the process control circuitry used, the measured viscosity is calculated in the sam fashion using 
a modification of th Hagen-Poiseuille's Equation. According to the Hagen-Poiseuilie's Equation, 

B\il 

0= Volumetric fhw rate 
A P = Deferential pressure between two fhw bcai'ton 
a = Fbwtube cross-sectbnal area 
\i =: Viscosity of the fluid 
1= Distance between the two fhw locations (3) 

This equation is rearranged to detenmirie the viscosity of the fluid according to: 

m 

Viscosity of the! fluid ■ ^. 

K= Aconstant determined for the individual nieter 
AP =^ Differential pressure 
. p = density otihe fluid 
fn = mass flow rate of tfw fluid (4) 

Therefore, by measuring the differential pressure within ftow meter 10 and utilizing the mass flow rate measurement 
and density measurements from the flow meter, the fluid viscosity can be determined. 

A large number of measured fluids exhibit Newtonian characteristics so the above calculations are accurate. How- 
ever, for non-Newtonian fluids, the above process can be used with only a narrow segment of the operating range of 
the viscometer. Other solutions for measuring non-Newtonian fluids include characterizing the particular fluid being, 
measured or defining the governing shear rate-viscosity equation through external computations or in a specifically 
designed electronics package. 

An alternative embodiment of the invention is illustrated in Figures 10-14. This embodiment comprises an adaptor 
1000 which is designed to be retro-fitted to existing flow meters, or used in conjunctbn with other flow meters or used 
in situatbns where the flow rate is already known. Adaptor 1000 includes two parallel flow channels 1001 ,1002. Cavity 
1003 (Figure 11) is fonmed between channels 1001,1002 for receiving differential pressure element 70, described 
above, see Figure 11. Flow channels 1001,1002 both have circular cross-sectfonal shapes at their inlet and outlet 
portions (Figure 13) and a rectangular mid-portkxi 1004 (Figure 14) in the vicinity of cavity 1003. The cross-sectfonal 
area of the rectangular portion 1004 of channels 1001,1002 is identical to the inlet and outlet cross-sectional areas. 
This provides a laminar flow with unchanged vekx:ity across the diaphragms 80.82 of differential pressure element 70. 
Stainless steel dephragms 80,82 are flush within the flat surfaces of flow channels 1001,1002 (figur 12) their mkJ- 
portion regions. Seals 81.83 seal diaphragms 80,82 and differential pressure element 70 from leakage as well as 
eliminating traps and turbulence of the fluid flow. 

Inlet portion 1006 (Figure 12) of flow channel 1001 is adapted to be fitted onto a supply conduit, or if the supply 
conduit Is of a large diameter, then onto a smaller diameter branch tapped into the supply conduit. Outlet portion 1007 
of flow channel 1001 is mounted to an inlet of an existing flow meter or else onto an adaptor to channel the flow back 
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to flow channel 1002. Inlet portion 1008 of flow channel 1002 is mounted onto th outlet portion of the existing flow 
meter Outlet portion 1009 of flow channel 1002 is mounted onto the supply conduit or branch (not shown). 

The process control circuitry for adaptor assembly 300 Is similar to one of the process control circuitry embodiments 
discussed above. The operatbn of adaptor assembly 1000 is similar to the above-described integral viscometer The 
5 fluid flow extends through flow channel 1001 across diaphragm 80 into an existing flow meter or flow device. The flow 
then extends out of the flow meter or flow device and Into channel 1002 and across diaphragm 82, as indicated by the 
arrows (Figure 1 2). Differential pressure element 70 senses the differential pressure between channels 1 001 . 1 002 and 
transmits a signal corresponding to this measured differential pressure via one of the described process control systems 
or by other known process control systems. For instance, the differential pressure signal may be utilized through HART 
10 multi-drop networking along with another signal, such as a temperature signal. The particular process control system 
utilized with adaptor assembly 1000 depends upon the existing flow device that adaptor assembly is installed upon. 
Since the differential pressure signal generated by the adaptor assembly is in the form of a DC voltage, a variety of 
process control systems known in the art can be used. In any event, either a volumetric flow rate or a mass flow rate 
with a density measurement is detemriined, and supplied to the appropriate process control system. This enables the 
IS viscosity to be determined, based upon the above-described calculation: 

Figures 15, 16 and 17, disclose an alternative embodiment of the invention in which a differential pressure trans- 
ducer 1504 is mounted externally to a casting similar to that of Figure 1 . On Figure 1 , differentia! pressure transducer 
70 (Figure 2) is positioned between an input channel 40 and an exit channel 50 internal to casting 30, Casting 1530 
(Figures 1 5 and 1 6) is similar to casting 30 of Figure 1 but is adapted to receive external differential pressure transducer 
20 1504. Casting 1530 Includes an inlet 104, a flange 103, holes 102, input manifold 110. flange 34, a left casting portion 
1 50, and manifold element 1 20 having a surface 1 21 to which are connected the side legs 1 31 , 1 31* of flow tubes 12,14. 
The remainder of the flow tubes and driver 16, sensors 18,20, and temperature element 22 are not shown on Figure 
15 since they are identical to that of Figure 1 . The right side portion 150* of casting 1530 has corresponding elements 
to left portion 150 numbered in a corresponding manner with a prime (') folfowing each such corresponding number i. 
25 e., casting portion 150'. 

The casting 1530 Inlet channel 40 is shown on Figure 16 and extends from inlet manifold 110, through the left side 
casting portion 150, to the left manifold element 20 to which are connected the left side legs 1 31 , 1 31 ' of the flow tubes 
12,14. Figure 16 also shows the exit flow channel 50 which extends from the right manifold element 120', through the 
right side casting portion 150' to manifold element 110' on the outlet portion of casting 1530. Casting 1530 has a flat 
00 front portion 1511 that is common to both casting elements 150 and 150* containing the inlet channel 40 and outlet 
channel 50. Front casting portion 1511 comprises a flat smooth surface that is adapted to receive a bottom smooth 
surface of differential pressure transducer 1504. On Figure 16, flat surface 1511 has holes 1602 and 1603 extending 
through the casting to inlet channel 40 and exit channel 50. 

Holes 1602 and 1603 are spaced apart by a distance that corresponds to the distance between two pressure 
3S sensing diaphragms 1701 and 1702 on the bottom surface 1706 (Figure 17) of base 1506 of differential pressure 
transducer 1 504, Figure 1 7 Is a bottom view of differential pressure transducer element 1 504. The bottom of base 1 504 
contains the two diaphragms 1701 and 1702 surrounded by seals 1703 and 1704. The diaphragms are adapted to be 
in alignment with holes 1 602 and 1 603 of casting surface 1511 when the base 1 506 is affixed, by means of holes 1 507 
and suitable mounting screws, to flat surface 1511 of casting 1530. 
40 On Figure 15, differential pressure transducer 1 504 comprises base 1506, circular element 1508, circular element 
1 509 together with conductors 1511 which extend to mass flow transmitter 24. Differential pressure transducer 1 504 
is not shown in detail herein since it is a commercially available element and may comprise the Rosemount Smart 
Family Model No. 3051 C differential pressure transmitter When transducer 1504 Is mounted on casting surface 151 1 , 
its diaphragms 1701 and 1702 are in alignment with holes 1602 and 1 603 so that diaphragms 1701 and 1702 are flush 
45 with the inner surfaces of flow channels 40 and 50. The diaphragms do not protrude into the channels or disturb the 
flow of the fluid within these channels. 

Differential pressure transducer 1504 and its diaphragms 1701 and 1702 monitor the pressures in flow channels 
40 and 50 and transmit signals over conductors 72 representing the differential pressure between the two flow channels. 
These signals are extended over conductors 72 to mass flow transmitter 24 of Figure 1. Mass flow transmitter 24 
so operates as described for Figure 1 and receives signals from the left sensor 18, right sensor 20, and temperature 
detector 22. Mass flow transmitter 24 also applies drive signals to a drive element 16. Elements 16, 18, 20, and 22 are 
not shown on Figures 16 and 16 since they are identical to the showing of Figure 1 . 

On Figures 15 and 16, flow channel 40 is circular in cross-section in its inlet portion at input manifold 110, However, 
inlet channel 40 changes its configuration so that it becomes essentially a rectangular cross-section configuration in 
ss its mid portion 46 (Figure 1 6) in the vicinity of hole 1 602. This is shown in Figure 20 where the rectangular cross^ection 
portbn of channel 40 has an upper side that extends through the wall of casting 1 530 In the vicinity of hole 1 602. Thus, 
when pressure transducer 1504 is mounted on flat surface 1511 of casting 1530, its diaphragms 1701 and 1702 cover 
holes 1602 and 1503 so that its the diaphragms are flush with the top surface of hletchannels 40 and 50'(Figure 20). 
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This enables the pressure of the flowing fluid to be measured without disturbing the fluid flow pattern. 

The embodiment of Figure 15 with its externally mounted differential pressure detector 1530 often may b advan- 
tageous over the embodiment of Figure 1 where the differential pressure detector 70 is Internal to casting 30. The 
externally mounted differential pressure detector 1504 facilitates maintenance when problems occur. In such cases, 
the differential pressure det ctor 1504 may be unbolted from casting 1530 and repaired or replaced with a minimum 
of effort. For the embodiment shown in Figures 1 and 2, the separate halves 150 and 150' of casting 30 must be 
separated in order to gain access to the differ ntlal pressure detector 70. This is time consuming and expensive as 
compared to the time required to repair or replace the externally mounted differential pressure detector 1 504 of Figure 
15. 

Yet another altemative embodiment of the invention is illustrated In Figures 18, 1 9, 21 , and 22. This embodiment 
comprises an externally mounted differential pressure detector 1 504 and an adaptor 1 801 (Figure 1 8) which is designed 
tobe retrofitted to existing flow meters, or used in conjunction with other flow meters or to be used in situations in which 
the flow rate is already known. Adaptor 1 801 Includes two parallel flow channels 1 802 and 1 803. The adaptor also has 
holes 2101 and 2102 (Figure 21 ) on its top surface 1805 which comprise one side of the flow channels 1802 and1803 
in the middle portion of the casting as shown in Figure 19. The diaphragms 1701 and 1702 of differential pressure 
detector 1504, as described In connection with the embodiment of Figure 15, cover holes 2101 and 2102 and contact 
the fluid flowing within each of channels 1802 and 1803. 

The flow channels 1802 and 1803 have a circular cross-sectional shape at their inlet and outlet portions (Figure 
18) and a rectangular mid portion cross section and (Figure 22) in the vicinity of holes 2101 and 2102. The cross- 
sectbnal area of the rectangular portion of the channel is identical to the Inlet and outlet circular cross-sectional areas. 
This provides a laminar flow with unchanged velocity across the diaphragms 1702 and 1703 of differential pressure 
detector 1504. The stainless steel diaphragms 1702 and 1703 are flush with the flat top portion of the flow channels 
as shown in Figure 1 9 for diaphragms 1 702 and channel 1 803. Seals 1 703 and 1704 (Figure 1 7) seal the diaphragms 
1702 and 1703 and the differential pressure element 1504 from leakage. 

Inlet portbn 1804 of flow channel 1802 and 1803 is adapted to be fitted onto a suitable conduit. Outlet portion 
1806 of the flow channel 1803 is adapted to be connected to an inlet of the existing flow meter or else onto an adaptor 
to channel the flow back to channel 1 802. Flow channels 1 802^and 1 803 are configured in the manner shown on.Figure 
19 for channel 1803. The inlet of channels 1802 and 1803 have a circular cross-sectlohal area (Figure 18) and^ 
essentially rectangular cross-sectional area 2201 and 2202 (Figure 22) at its mid portion in the vicinity of holes 2101 
and 2102. The outlet portion of the flow channels is circular and may be connected to an existing flow meter or other 
structure or else may be returned by a suitable connection back to the outlet end of flow channel 1 803. 

On Figure 1 9, the stainless steel diaphragms 1 701 and 1 702 are nriounted on the upper surface.of adaptor element 
1801 in such a manner that they cover the holes 2101 and 21(32 in the flow channels 1802 and 1803 and are flush with ' 
the upper interior surface of the essentially flat top Inner surface of the ffow channels in the vicinity of holes 2101 and 
2102; ' f 

In summary, a viscometer is provided by the present invention either as an integral viscometer or as an adaptor 
assembly for use on existing flow meters or flow devices. The viscometer of the present invention in either embodiment 
provides an on-line measurement of fluid viscosity for striiigent sanitary applrcatlons. The present invention provides 
a viscosity signal that is easily adapted onto most process control systems. 

It is to be expressly understood that the described preferred embodiments are set forth for explanatory purposes 
only and are not meant to limit the scope of the claimed inventive concept. Other embodiments and modifications are 
considered to be within the scope of the claimed inventbn. 

Claims 

1. Apparatus for determining the viscosity of a flowing material, said apparatus comprising: 

flow tube means (30; 1000; 1530; 1801) comprising a first flow channel (40; 1001 ; 40; 1802) for transporting 
material received from a first section of a conduit; 

saidflowtube means further comprising a second flow channel (50; 1002; 50; 1803) serially connected to said 
first flow channel for transporting said rnaterial from said flow tube means to a second section of a conduit; 
a wall means (46, 52) separating said first and second flow channels from one another; 
each of said flow channels having, over a particular axial length thereof, a substantially flat inner surface; 
apertures (62, 68; 1003; 1602.1603;21Q1,2102) in said separating wall means or in other walls of said flow 
tube means, said apertures being kwated in said substantially flat Inner surfaces of said flow channels ; 
differential pressure sensing means (70; 1 504) at least partially accommodated within said apertures for meas- 
uring the differential pressure generated by material flow between said first flow channel and said second flow 
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channel; 

said differential pressure sensing means having a pair of pressure sensing diaphragms (80, 82; 1701 ,1702) 
each of which is mounted, in a said aperture, in a respectiv one of said first and second ffow channels with 
its surfac substantially flush with said substantially flat inner surface of the flow channel so as to provide a 
smooth surface for material flow in said flow channel; and 

means (24.703; 24) responsive to said measurement of said differential pressure for determining th viscosity 
of said material. 

The apparatus of claim 1 wherein said flow tube means comprises first and second body portions (150,150') con- 
taining said first and second flow channels (40,50) respectively; 

a wall (46) of said first body portion and a wall (52) of said second body portion are positioned contiguous with 
and parallel to each other; 

said apertures are defined by an opening (62, 68) extending from the interior of said first body portion, through 

each of said walls, to the interbr of said second body portion; 

and said differential pressure sensing means (70) is positioned within said opening. 

The apparatus of claim 1 or claim 2, 

including a Coriolis effect flow meter (1 0) for measu ring the mass flow rate of said material through said conduit, 
said Coriolis effect flow meter comprising: 

first and second measuring tube means (12,14) through both of which said material flows between said first 
and second flow channels (40,50); 

driving means (16) for oscillating flexible portions (130,130') of said first and second measuring tube means; 
nrvotion sensing means (18, 20) responsive to the motion of said flexible portions of said first and second 
measuring tube means caused by the Coriolis effect of said flowNng material while said flexible portions of said 
first and second measuring tube means are oscillating for generating a signal corresponding to said motion; 
means (24) for determlnhg the mass flow rate of said material in response to said generatbn of said signal; 
means (24) for determining the density of said material in response to said determination of mass flow rate; and 
means for transmitting signals corresponding to said determined flow rate and said determined density to said 
viscosity determining means (703) wherein said viscosity is determined using said determined mass flow rate 
and said determined density and said measurement of said differential pressure. 

The apparatus of claim 1 wherein said flow tube means comprises an adaptor (1000) connected between said 
sections of said conduit and a flow meter for generating information for detenmining said viscosity of said material 
flowing through said conduit, and said differential pressure sensing means (70) is mounted in an opening (1003) 
between said first and second flow channels (1 001 , 1 002) through said adaptor . 

The apparatus of claim 2 wherein said first and second body portions (150, 150') are separable castings which 
are affixed together. 

The apparatus of claim 1 wherein said apparatus includes: 

means (10,24) for determining the mass flow rate of said material In said flow tube means; and 
means (703) for using said mass flow rate measurement in said viscosity determination. 

The apparatus of claim 1 wherein said flow tube means comprises an adaptor (1801) having a substantially flat 
exterior surface (1805) on one face thereof; and a pair of apertures (2101, 2102) in said substantially flat exterbr 
surface (1805) with each aperture opening into a different one of said first and second flow channels (1802,1803) 
through said adaptor; 

and wherein said differential pressure sensing means (1504) is external to said adaptor and has a substan- 
tially fiat exterior surface affbced to said substantially flat surface (1805) of said adaptor so that said diaphragms 
(1701,1702) of said differential pressure sensing means cover said apertures (2101.2102) and are substantially 
flush with said substantially flat inner surface of each of said flow channels. 

The apparatus of claim 4 wherein said adaptor (1000) comprises a first separable casting and a second separable 
casting which are affixed together, each casting having an aperture which registers with the aperture of the other 
casting to form the opening (1003) in which said differential pressure sensing means (70) is mounted. 
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9. The apparatus of claim 1 wh rein said flow tube means comprises a casting (1 530) containing said first and second 
flow channels (40,50) and having a substantially flat area ( 1 511 ) on an exterior surface of said casting, said aper- 
tures (1602, 1 603) being located in said substantially flat area and extending into said casting to said substantially 
flat inner surface of each of said flow channels; 

and wherein said differential pressure sensing means (1 504) has a substantially flat surfac (1 706) and Is 
affixed to said casting so that said substantially flat surface (1706) of said differential pressure sensing means 
abuts said substantially flat area (1511) of said casting and said diaphragms (1701,1702) of said differential pres- 
sure sensing means cover said apertures (1 602,1603) and are substantially flush with said substantially flat Inner 
surface of each of said flow channels. 

10. The apparatus ofxiaim 1 wherein said differential pressure sensing means (70) comprises a semiconductor dif- 
ferential pressure element means (90,92) having first and second pressure sensing elements for sensing said 
differential pressure. 

11. The apparatus of claim 1 wherein said apparatus comprises means (72) for. transmitting a signal from said differ- 
ential pressure sensing means (70) to said means (24) for determhing said viscosity in response to said measured 
pressure differential, said transmitting means comprising a bi-directional communication network between said 
sensing means and said detemiining means. 

12. The apparatus of claim 1 wherein said apparatus includes: 

means (10. 24) for determining the mass flow rate of said material in said flow tube means; 

means (713) for transmitting a signal representing said determined mass flow rate to said means (703) for 

determining said viscosity; 

means (22) for measuring the temperature of said material; and 

means (159,24.72) for transmitting a signal representing said differential pressure and said measured tem- 
perature to said viscosity deterniinirig means, said means for detenmining viscosity being effective for using 
said mass flow rate determination and said measured temperature in said viscosity determinatbn. 

13. Method of determining the viscosity of a flowing material, comprising transporting the material through apparatus 
as defined In any of claims 1 to 1 2 and determining the viscosity of the material using the measurement of differential 
pressure by said differential pressure sensing mearis (70; 1504)., 

14. The method of claim 1 3 using apparatus as defined in claini 3 to determine the mass flow rate and the density of 
said material, and the viscosity of said material is determined from said measurement of pressure differential and 
said determinatbn of said mass flow rate and said density. 

15. The method of claim 13 wherein said method includes determining the mass flow rate of the material for use in 
determination of said viscosity. 

16. The method of claim 13 wherein said method includes the steps of: 

determining the mass flow rate of said material; 

transniitting a signal representing said determined mass flow rate to said means for determining said viscosity; 
measuring the temperature of said material; and 

transmitting signals representing said cfifferential pressure and said measured temperature to said means for 
determining said viscosity. 

17. The method of claim 13 using apparatus as defined in any of clainr^ 1. 2, 4, 5 and 7 to 11 . wherein said flow tube 
means is connected to a Coriolis effect mass flow rate meter for determination of the mass flow rate of said material, 
and said mass flow rate is used In determining said viscosity. 



Pat ntanspruch 

1. Vorrichtung zum Bestimmen der Viskoshat eines stromenden Materials, wobei die genannte Nforrichtung umfaBt: 
eine Stromungsrohreinrichtung (30; 100; 1530; 1801), die einenersten Stromungskanal (40; 1001; 40; 1.802) 
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zum Transportieren des von ejnem ersten Abschnitt einer L itung erhaltenen Materials; 

die genannte Stromungsrohreinrichtung umfaBt des weiteren einen zweiten Stromungskanal (50; 1002; 50; 
1803), der in Reihe mil dem genannten ersten Stromungskanal zum Transportieren des genannten Material 
von der genannten Stromungsrohreinrichtung zu ernem zweiten Abschnitt einer Leitung verbunden ist; 

eine Warideinrichtung (46, 52), die den genannten ersten und zweiten Stromungskanal voneinander trennt; 

jeder der genannten Stromungskanale hat uber eine bestimmte axiale Lange von ihm eine im wesentllchen 
flache, innere Oberfiache; 

Offnungen (62, 68; 1003; 1602, 1603; 2101, 2102) in der genannten Trennwandeinrlchtung oder in anderen 
Wanden der genannten Stromungsrohreinrichtung, wobei sbh die genannten Offnungen In den genannten im 
wesentlichen flachen, inneren Oberflachen der genannten Stromungskanale befinden; 

eine Ditferenzdruckerfassungseinrichtung (70; 1504). die wenigstens teilweise innerhalb der genannten Off- 
nungen zum Messen des Differenzdrucks aufgenommen ist, der durch die Materialstromung zwischen dem 
genannten ersten Stromungskanal und dem genannten zweiten Stromungskanal erzeugt wird; 

die geoannte Differenzdruckerfassungselnrichtung weist ein Paar Druckerfassungsmemb^nen (80, 82; 1701 , 
1702) auf, von denen jede in einer genannten Offnung In einem entsprechenden des genannten ersten und 
zweiten Stromungskanals angebracht ist, wobei ihre Oberfiache Im wesentlichen plan zu der genannten im 
wesentlichen flachen, inneren Oberfiache des Stromungskanals ist, so daB eine glatte Oberfiache fur die 
Materiaistromung in den genannten Stromungskanalen gellefert wird; und 

eine Einrlchtung (24, 703; 24). die auf die genannte Messung des genannten Differenzdrucks zum Bestlmmen 
der Viskositat des genannten Materials reagiert. 

Die Vorrichtung des Anspruchs 1 , worin die genannte Stromungsrohreinrbhtung einen ersten und einen zweiten 
Korperabschnrtt (150. 150') umfaBt. die den genannten ersten bzw. zweiten Stromungskanal (40, 50) enthalten; 

eine Wand (46) des genannten ersten Korperabschnltts und eine Wiand (52) des genannten zweiten Kdrper- 
abschnltts aneinandergrenzend und parallel zueinander angeordnet sind; 

die genannten Offnungen durch eine Offnung (62, 68) feslgelegt sind, die sich von dem Inneren des genannten 
ersten Korperabschnltts durch jede der genannten Wande zu dem Inneren des genannten zweiten Korperab- 
schnltts erstreckl; 

und die genannte Differenzdruckerfassungseinrichtung (70) in der genannten Offnung angeordnet ist 
Die Vorrichtung des Anspruchs 1 oder Anspruchs 2. 

die einen Coriolis-Effekt-Stromungsmesser (10) zum Messen des Massendurchsatzes des genannten Mate* 
rials durch die genannte Leitung eInschlieBt, wobei der genannte CorioIts-Effekt-DurchfluBmesser umfaBt: 

eine erste und zweite MeBrohreinrichtung (1 2. 1 4), durch die beide das genannte Material hindurch zwischen 
dem genannten ersten und dem zweiten Stromungskanal (40, 50) flieBt; 

eine Treibereinrichtung (16), um flexible Abschnitte (130, 130') der genannten ersten und zweiten MeBrohr- 
einrichtung In Schwingung zu versetzen; 

eine Bewegungserfassungseinrlchtung (18, 20), die auf die Bewegung der genannten flexiblen Abschnitte der 
genannten ersten und zweiten MeBrohreinrichtung reagiert, die durch den Coriolis-Effekt des genannten flie- 
Benden Materials bewirkt wird, wahrend die genannten flexiblen Abschnitte der genannten ersten und zweiten 
MeBrohreinrfchtung schwingen, um ein der genannten Bewegung entsprechendes Signal zu erzeugen; 

eine EInrichtung (24) zum Bestlmmen des Massendurchsatzes des genannten Materials in Reaktion auf die 
genannte Erzeugung des genannten Signals; 
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ine Einrichtung (24) zum Bestimmen der Dicht des genannten Materials in Reaktion auf di genannte Be- 
stimmung des Massendurchsatz s; und 

eine Einrichtung zum Obertragen von Signalen, die den genannten bestimmten Durchsatz und der genannten 
bestimmten Dichte entsprechen, zu der genannten Viskositatsbestimmungselnrichtung (703), worin die ge- 
nannte Viskositat unler Verwendung des genannten bestimmten Massendurch'satzes und der genannten be- 
stimmten Dicht und der genannten Messung des genannten Differenzdrucks bestimmt wird. 

4. Die Vorrchtung des Anspruchs 1, worin die genannte Stromungsrohrelnrichtung einen Adapter (1000) umfaBt, 
der zwischen den genannten Abschnitten der genannten Leitung und einem DurchfluQmesser zum Erzeugen von 
Infonmationen zum Bestimmen der genannten Viskositat des genannten Materials verbunden ist, das durch die 
genannte Leitung flieBt, und die genannte Differenzdruckertassungseinrichtung (70) in einer Offnung (1 003) zwi- 
schen dem genannten ersten und zweiten Stromungskanal (1 001 , 1 002) durch den genannten Adapter angebracht 
ist. 

5. Die Vorrlchtung des Anspruchs 2, worin der genannte erste und zweite Korperabschnitt (150, 150*) getrennte 
GuBtelle sind, die anetnander befestigt stnd. 

. 6. Die Vom'chtung des Anspruchs 1 . worin die genannte Vorrichtung einschlieBt: 

eine Einrichtung (10. 24) zum Bestimmen des Massendurchsatzes des genannten Materials in der genannten 
Stromungsrohreinrichtung; und 

eine Einrichtung (703) zum Verwenden der genannten Massendurchsatzmessung bei der genannten Visko- 
sitatsbestimmung. 

7. Die Vorrbhtung des Anspruchs 1, woriri die genannte Stromungsrohreinrbhtung einen Adapter (1801) umfaBt, 
der eine im wesentlichen flache, auBere Oberflache (1805) auf seiner Seite hat; 'und ein Paar Otfnungen (2101, 
2102) in der genannten im wesentlichen flachen, auBeren Oberflache (1805), wobei sich jede Offnung zu einem 
verschiedenen des genannten ersten und zweiten Stromungskanals (1802. 1803) durch den genannten Adapter 
hindurch offnet; ... 

und worin die genannte Differenzdruckerfassungseinrichtung (1504) auBerhalb des genannten Adapters ist und 
eine im wesentlichen flache, auBere Oberflache hat, die an der genannten im wesentlichen flachen Oberflache 
(1805) des genannten Adapters befestigt ist, so daB die genannten Membranen (1701, 1702) der genannten Dif- 
ferenzdruckerfassungseinrichtung die genannten Otfnungen (2101 , 2102) uberdecken und im wesentlichen zu der 
genannten im wesentlichen flachen, inneren Oberflache von jedem der genannten Stromungskanale plan sind. 

8. Die Vorrichtung des Anspruchs 4, worin der genannte Adapter (1000) ein erstes, trennbares GuBteii und ein zwei- 
tes, trennbares GuBteil umfaBt, die aneinander befestigt sind. wobei jedes GuBtell eine Offnung hat, die zu der 
Offnung des anderen GuBteils ausgerichtet ist, um die Offnung (1003) zu biWen, in der die genannte Differenz- 
druckerfassungseinrichtung (70) angebracht ist. , 

9. Die Vorrichtung des Anspruchs 1, worin die genannte Strornungsrohreinrichtung ein GuBteil (1530) umfaBt, das 
den genannten ersten und zweiten Stromungskanal (40, 50) enthatt und eine im wesentlichen flachen Flache 
(1511) auf einer auBeren Oberflache des genannten GuBteils hat, wobei sich die Otfnungen (1602, 1603) in der 
genannten im wesentlichen flachen Flache befinden und in das genannte GuBteil zu der genannten im wesentli- 
chen flachen, inneren Oberflache von jedem der genannten Stromungskanale erstrecken; 

und worh die genannte Differenzdruckerfassungsehrichtung (1504) eine im wesentOchen flache Oberflache 
(1706) hat und an dem genannten GuBteil befestigt ist, so daB die im wesentlichen flache Oberflache (1706) der 
genannten Differenzdruckerfassungseinrichtung gegen die im wesentlichen flache Flache (1511) des genannten 
GuBteils stoBt und die genannten Membranen (1701, 1702) der genannten Differenzdruckerfassungseinrichtung 
die genannten Otfnungen (1602, 1603) uberdecken und im wesentlichen zu der genannterl im wesentlbhen fla- 
chen, inneren Oberflache von jedem der genannten Stromungskanale plan sind. 

10. Die Vorrichtung des Anspruchs 1, worin die genannte Differenzdruckerfassungseinrichtung (70) eine Halbleiter- 
Differenzdruckelementeinrichtung (90, 92) umfaBt, die ein erstes und ein zweites Druckerfassungselement zum 
Erfassen des genannten Differenzdrucks aufwelst. 
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11. Dig Vorrlchtung d s Anspruchs 1, worin die genannte Vorrlchtung ein Einrlchtung (72) 2um Obertragen eines 
Signals von der genannten Differenzdruckerfassungseinrichtung (70) zu der genannten Einrichtung (24) zum Be- 
stimmen der genannten Viskositat In Reaklion auf die genannte gemessene Druckdifferenz umfaBt. wobei die 
genannte Obertragungseinrichtung ein bidirektionales Kommunikationsnetz zwischen der genannten Erfassungs- 
einrichtung und der genannten Bestimmungseinrichtung umfaBt. 

12. Die Vorrichtung des Anspruchs 1. worin die genannte Vorrfchtung einschlieBt: 

eine Einrichtung (1 0, 24) zum Bestlmmen des Massendurchsatzes des genannten Materials in der genannten 
Stromungsrohreinrichtung; 

eIne Einrichtung (71 3) zum Obertragen eines Signals, das den genannten bestlmmten Massendurchsatz dar- 
stellt, zu der genannten Einrichtung (703) zum Bestimmen der genannten Viskositat; 

eine Einrichtung (22) zum Messen der Temperatur des genannten Materials; und 

eine Einrichtung (159, 24, 72) zum Obertragen eines Signals, das den genannten Ditferenzdruck und die 
genannte gemessene Temperatur darstellt. zu der Viskositatsbestimmungseinrichtung, wobel die genannte 
Einrbhtung zum Bestimmen der Viskositat wirksam 1st. die genannte Massendurchsatzbestimmung und die 
genannte gemessene Temperatur bel der genannten Viskositatsbestimmung zu venwenden. 

13. Verfahren zum Bestimmen des Viskositat eines flieBenden Materials, das umfaBt, das Material durch eine Vor- 
richtung hindurch, wie sle in irgendeinem der AnsprQche 1 bis 12festgelegt ist. zu transportieren, und die Viskositat 
des Materials unter Verwendung der Messung des Differenzdrucks durch die genannte Differenzdruckerfassungs- 
einrichtung (70; 1504) zu bestimmen. 

14. Das Verfahren des Anspruchs 13, unter Verwendung der in Anspruch 3 festgelegten Vorrlchtung. urn den Mas- 
sendurchsatz und die Dichte des genannten Materials zu bestimmen, und wobei die Viskositat des genannten 
Materials aus der genannten Messung des Differenzdrucks und der genannten Bestlmmung des genannten Mas- 
sendurchsatzes und der genannten Dichte bestimmt wird. 

15. Das Verfahren des Anspruchs 1 3, worin das genannte Verfahren einschlieBt, den Massendurchsatz des Materials 
zur Venwendung bei der Bestlmmung der genannten Viskositat zu bestimmen. 

16. Das Verfahren des Anspruchs 1 3, worin das genannte Verfahren die Schritte einschlieBt: 

Bestimmen des Massfendurchsatzes des genannten Materials; 

Obertragen eines Signals, das den genannten bestimmten Massendurchsatz darstelft, zu der genannten Ein- 
rbhtung zpm Bestimmen der genannten Viskositat; 

Messen der Temperatur des genannten Materials; und 

Obertragen von SIgnalen, die den genannten Differen^dmck und die genannte gemessene Temperatur dar- 
stellen, zu der genannten Einrichtung zum Bestimmen der genannten Viskositat. 

17. Das Verfahren des Anspruchs 13 unter Venwendung der Vorrlchtung, wie sie in irgendeinem der AnsprOche 1, 2, 
4. 5 und 7 bis 11 festgelegt ist, worin die genannte Stromungsrohreinrichtung mit einem Coriolis-Effekl-Massen- 
durchsatzmesser zum Bfestimmen des Massendurchsatzes des genannten Materials verbunden ist, und der ge- 
nannte Massendurchsatz beim Bestimmen der genannten Viskositat venwendet wird. 



Rev ndications 

1. Dispositif pour la d§tenmlnatlon de la viscosite d'un mal6riau en 6coulement, ledit dispositif comprenant : 



des moyens detube de debit (30; 1000; 1530; 1801) comprenant un premier canal d'ecoulement (40; 1001; 
40; 1802) pour le transport du nvateriau regu d'une premier section d*une conduite; 
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lesdits moyens de tube de debit comprenant, de plus, un second canal rfecouiement (50; 1002; 50; 
1803) mont6 en sdrie avec ledit premier canal d'^coulemenl pour le transport dudit mat^riau desdits moyens 
de tube rfecouiement vers une second© section de conduite; 

un moyen de paroi (46, 52) s^parant lesdits premier et second canaux de debit Pun de ('autre; 

chacun desdits canaux de d§bit possddant sur une longueur axiale particuli§re une surface intern pra- 
tiquement plane; 

- des ouvertures (62, 68; 1003; 1602, 1603; 2101, 2102) dans lesdits moyens de pabi de separation ou dans 
d'autres parois desdits moyens de tube de debit, tesdrtes ouvertures ^tant srtudes dans lesdites surfaces 
internes pratiquement planes desdits canaux de debit; 

un moyen de detection de difference de pression (70; 1 504) au moins partiellement lege dans lesdites ouver- 
tures pour la mesure de la difference de pression g6n6r6e par le mat^riau en §coulement entre ledrt premier 
canal de debit et ledit second canal de debit; 

lesdits moyens de detection de difference de pression poss6dant une paire de diaphragme de detection 
de pression (80, 82; 1701, 1702) montes chacun dans une dite ouverture d'un canal respectif desdits premier 
et second canaux de debit, sa surface etant pratiquement au niveau de ladite surface interne pratiquement 
plane du canal de debit de fagon a constituer une surface iisse pour le passage du mat^riau dans ledit canal 
de debit; et 

des rrK)yens (24, 703; 24) recevant ladite mesure de ladite difference de pression pour la determination de la 
viscosite dudit materiau. 

Dispositif seion la revendication 1, dans lequel ledit moyen de tube de debit comprend des premiere et seconde 
parties de corps (150, 150') contenant lesdits premier et second canaux de d6bit (40, 50) respectifs; 

une paroi (46) de ladite premiere partie de corps et une paroi (52) de ladite seconde partie de corps etant 
positionn6e contigues et de fagon parallele; 

lesdites ouvertures etant definies par une ouverture (62:n 68) s'etendant de I'interieur de ladite premiere partie 
de corps a travers desdrtes parois vers Cint^rieur de ladite seconde partie de corps; et 
' ledit moyen de detection de difference de pression (70) ^tant positlonn^ dans ladite ouverture. 

Dispositif selon la revendication 1 ou 2,, comprenant un debitmetre a effet Corblis (10) pour la mesure du debit 
massique dudit materiau dans ladite conduite, ledit debitmetre ^ effet de Coriolls comprenant: 

des premier et second moyens de tube de mesure (12, 14) a travers chacun desquels ledit materiau passe 
entre lesdits premier et second canaux de debit (40, 50); 

- un moyen d'entraTnement (16) pour faire osciller les parties flexibles (130, 130*) desdits premier et second 
moyens de tube de mesure; 

un moyen de detection de deplacement (18, 20) recevant le deplacement desdites parties flexibles desdit§ 
premier et second nK)yens de tube de mesure par Peffet de Corlolis dudit materiau en ecoulement tandis que 
lesdites parties flexibles desdits premier et second moyens de tube de mesure oscillent pour la generation 
d'un signal correspondant audit deplacement; 

un moyen (24) pour la deterifnination du debit massique dudit materiau en reponse a ladite generation dudit 
signal; 

un moyen (24) pour la determination de la densite dudit materiau en reponse a ladite detemiination du ddbtt 
massique; et 

un moyen pour transmettre des signaux corresporniant audit d§bit massique ddtemiin§ et h ladite density 
determinee vers ledit moyen de determination de viscosite (703) dans lequel ladite viscosity est determinee 
a I'aide dudit debit massique determine et de ladite densite determinee ainsi que de ladite mesure de ladite 
difference de pression. 

Dispositif selon la revendication 1 . dans lequel ledit moyen de tube de debit comprend un adaptateur (1000) monte 
entre lesdites sections de ladite conduite et un debitmetre pour la generation d*une information de determination 
de ladite viscosite dudit materiau traversant ladite conduite, et ledit moyen de detection de difference de pression 
(70) est monte dans une ouverture (1003) entre lesdits premier et second canaux d debit (1001 , 1002) via ledit 
adaptateur 

Dispositif selon la revendicatbn 2, dans lequel lesdites premiere et seconde parties de corps (150, 150') sont des 
moulages separes qui sont solidarises. 
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6. Dispositif selon la revendication 1 , dans lequel ledrt dispositif comprend : 

- un moyen (10. 24) pour determiner le d§bit massique dudit materiau dans ledit moyen de tube de d§bjt; et 
un moyen (703) pour utiiiser ta mesure dudit d§bit massique pour la determination de ladite viscosity. 

7. Dispositif selon la revendication 1, dans lequel ledit moyen de tube de debit comprend un adaptateur (1801) pos- 
sedant une surface externe pratiquement plane (1805) sur sa face et une paire d*ouvertures (2101, 2102) dans 
ladite surface externe pratiquement plane (1805) avec chaque ouverture debouchant dans un canal different des- 
dits premier et second canaux de debit (1 802, 1 803) via ledit adaptateur; et 

dans lequel ledit moyen de detection de difference de pression (1504) est externe audit adaptateur et pre- 
sente une surface externe pratiquement plane fixee sur ladite surface pratiquement plane (1 805) dudit adaptateur 
de telle fagon que lesdits diaphragme (1701 , 1702) dudit moyen de detection de difference de pression couvrent 
lesdites ouvertures (2101 , 2102) et sont pratiquement au niveau de ladite surface interne pratiquement plane de 
chacun desdits canaux de debit. 

8. Dispositif selon la revendication 4, dans lequel ledit acteptateur (1000) comprend un premier moulage separable 
et un second moulage separable qui sont solidarises, chaque moulage possedant une ouverture s'alignant avec 
rouverture de Tautre moulage afin de fomr)er I'ouverture (1003) dans iaquelle est mont6 ledit moyen de detection 
de difference de pression (70). 

9. Dispositif selon la revendication 1 , dans lequel ledit moyen de tube de debit comprend un moulage (1 530) contenant 
lesdits premier et second canaux de debit (40, 50) et possedant une surface pratiquement plane (1511) sur une 
surface externe dudit moulage, lesdites ouvertures ( 1 602, 1 603) etant situees dans ladite zone pratiquement plane 
et s'etendant dans ledit moulage vers ladite surface interne pratiquement plane de chacun desdits canaux de debit; 
et 

dans lequel ledit moyen de detectbn de difference de pression (1504) presente une surface pratiquement 
plane (1706) et est fixe sur ledit moulage de telle fa^on que ladite surface pratiquement plane (1706) dudit moyen 
de detection de difference de pression soit en butee avec ladite surface pratiquement plane (1511) dudit moulage 
et lesdits diaphragmes (1701, 1702) ducRt moyen de detection de difference de pression couvrent lesdites ouver- 
tures (1 602, 1 603) et soient pratiquement au niveau de ladite surface inteme pratiquement plane de chacun desdits 
canaux de debit. 

10. Dispositif selon la revendication 1, dans lequel ledit moyen de detection de difference de pression (70) comprend 
un moyen a element a semiconducteur de difference de pression (90, 92) possedant des premier et second ele- 
ments de detection de pressbn pour ta detection de ladrte difference de pression. 

41 . Dispositif selon la revendication 1 , dans lequel ledit dispositif comprend un moyen (72) pour transmettre un signal 
dudit moyen de detection de difference de pression (70) vers ledit moyen (24) pour determiner ladite viscosite en 
reponse h ladite difference de pression mesuree, ledit moyen de transmission comprenant un rSseau de commu- 
nication bidirectlonnel entre ledit moyen de detection el ledit moyen de determination. 

12. Dispositif selon la revendication 1 , dans lequel ledit dispositif comprend : 

- un moyen (10, 24) pour determiner ledit debit massique dudit materiau dans ledit moyen de tube de debit; 

- un moyen (7 1 3) pour transmettre un signal representant ledit debit massique detenmine audit moyen (703) de 
detemnination de ladite vrscosite. 

un nooyen (22) pour la mesure de la temperature dudit materiau; et 

- des moyens (159, 24, 72) pour transmettre un signal representant ladite difference de pression et ladite tem- 
perature mesuree audit moyen de determination de la viscosrte, ledit moyen de detenmination de la viscosite 
etant prevu pour utiiiser ladite determination de debit massique et ladite temperature mesuree pour ladite 
determination de la viscosite. 

13. Procede de determination de la viscosite d*un materiau en ecoulement, comprenant le transport du materiau dans 
un dispositif selon I'une quelconque des revendications 1 a 12, et la determination de la viscosite du materiau a 
Taide de la mesure de la difference de pression par ledit moyen de detection de difference de pression (70; 1504). 

1 4. Procede selon la revendication 1 3. utilisant un dispositif selon la revendication 3, pour detemiiner le debit massique 
et la densite dudit materiau, et la viscosite dudit materiau est detemninee § partir de ladite mesure de la difference 
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de pression et de ladlte determination dudit debit massique et de ladite densite. 

1 5. Precede selon la revendication 1 3, comprenant la determination du debit rhassique du mat 'riau pour une utilisatfon 
dans la determination de ladite viscosit \ ■ 

1 6. Procede selon la revendication 1 3» comprenant les etapes suivantes : 

la determination du debit massique dudit materiau; 
- la transmission d'un signal repr^sentant iedit debit massque detenmind vers ledrt moyen de determination de 
ladite viscoslte; 

la mesure de la temperature dudit materiau; 

la transmission de signaux representant ladite difference de pression et ladite temperature mesuree vers Iedit 
moyen de detemnlnatlon de ladite viscosite. 

17. Procede selon (a revendication 1 3, utilisant un dispositif selon Tune quejconque des revendications 1, 2, 4, 5 et 7 
^11, selon lequel Iedit nrK>yen de tube de debit est raccordee h un debitmetre massique h effet de Coriolis pour 
la determination du debit massique dudit mateHau, et Iedit debit massique est utifise pour fa determination de ladite 
viscosite. 
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FIG. 2. 




FIG. 4. 
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FIG. 22. 



